Abstract The aim of this chapter is to review the industry sector in Europe, which involves big companies as well as SMEs. The leading European countries, the main competitors, and the main competitive advantages of the industry are analysed. We have identified five different segments in which companies compete based on distinctive features (toys, hobby/leisure, professional, commercial, and military). The homogenization of the industry, especially in the toy, hobby, and commercial subsectors, is mainly led by big companies, which at the same time also represent the largest market share. We have concluded that there are no entry barriers besides technology and commercial distribution, but the main difficulty that is hampering the industry's expansion is regulation. This affects in particular the hobby/leisure and commercial drone segments, some areas more than others; while agricultural and military drones are expanding and evolving rapidly, professional filming and photography and toys are still too dependent on safety or legal issues, such as privacy concerns. It is also remarkable that companies from China and the USA are reaching the top positions. This should be taken into consideration by European policy makers, as the decisions made in the next years will be the key to the development of the sector in Europe.
tens of drone application and thus drone characteristics (e.g., size, weight, engine power, range of the aircraft, etc.) exist. Thus, before regulating markets (drones), first the market has to be described and analysed in detail to find a proper solution that pleases all: industry, governments, the military, researchers, and the general public.
How can we define the drone industry? This question needs to be answered to structure the information, since up to now information regarding drones has not been easy to find. This might be because the regulations do not fully support their use, because military uses are still the most common ones and the army industry treats everything as strictly secret, because technology is developing so fast that sharing information would help competitors, or because the rise of the industry is so fast that there is no time to analyse data and research the insights or to disseminate news.
Although difficulties exist, we will retrieve information regarding the drone industry and restructure it to try to provide readers with an engaging chapter that helps them to understand the main facts, characteristics, and strategic opportunities that the industry currently offers.
The Cambridge English Dictionary offers two definitions of a drone:
• an aircraft that does not have a pilot but is controlled by someone on the ground and is used especially for dropping bombs or for surveillance (meaning careful watching of a place); • an aircraft without a pilot that is controlled by someone on the ground and is used especially as a hobby.
These definitions are very useful, as they clarify not only the meaning but also the main uses of drones. In the second definition, we could include different uses that have recently appeared, such as safety purposes, transport and delivery, and so on. As there is no unique word to name an aircraft without a pilot, it is also quite usual to find the following definitions:
UAV (Unmanned Aerial Vehicle) UAS (Unmanned Aerial System) UCAV (Unmanned Combat Aerial Vehicle) RPA (Remotely Piloted Aircraft) RPAS (Remotely Piloted Aircraft System).
Drone and UAV/UAS are commonly used to refer to military uses and RPA/ RPAS to name drones with civilian purposes.
Although drones seem to be a very modern invention and there is no consensus regarding the first use of a drone, it seems that drones started to be used for military purposes. The first patent for a "Method of and apparatus for controlling mechanism of moving vessels or vehicles" was filed by Nikola Tesla in 1898 (Infographic 2016) , although it was in 1951 that the first prototypes of Ryan's Q-2C Firebee pilotless aircraft were tested. Designed by the company Ryan Aeronautical as a target contract from the North American Air Force, this drone was in production for over 40 years and is still being used by some military organizations (San Diego Air and Space Museum 2017) .
Nowadays, different patents are being filed that are as specific as drones without propellers (application number KR20150177849 20151214) or drones capable of operating in an aqueous environment (application number US201614994662 20160113), showing how interesting the industry can be for new companies and new business ideas.
Overview of the Drone Sector
The use of drones has been growing during the last years, and the two main market segments (military and hobby/leisure) have turned into three, depending on their final uses: military, commercial, and hobby. Figure 1 presents the estimated evolution of the three segments. Although the military segment is the main market by value, the figure indicates that the other two segments will expand during the next years.
Although the use of drones has generated considerable controversy due to privacy and safety awareness, nowadays people's perceptions about "good" uses of drones related to civil uses (commercial and hobby) have changed their image and acceptance (Table 1) . Among the accepted uses of unmanned aerial vehicles, we may cite those related to health (transport of blood and defibrillators), humanitarian 
US$). Source
Own elaboration from data of Moe et al. (2016) actions (drones for social goods and humanitarian purposes), shipping products to customers (Amazon's fleet of drones), or ecological applications (surveying fauna and forest monitoring), among others.
However, not only are the applications of drones evolving; the expected revenue increase in the next 10 years is also impressive. According to Tractica (2017c) , the greatest evolution will take place in North America, Asia, and Europe, which are also the areas of the market leaders nowadays.
The industry is growing fast, driven mainly by technology. The number of drone-specific exhibitions and conferences is rising (for instance UAV Expo in Brussels or AUVSI's Xponential in the USA), and rapid industry developments are evident. Some examples are drones with robotic arms that can grab objects and magnetic pieces containing drone engines that can be adjusted to objects and turn them into drones (prototypes by Prodrone, a Japanese company). Additionally, though, safety and research are leading the change, and interesting conclusions are being drawn; indeed, the British company Consortiq's CQNet, by collecting and analysing data, defines landing with minimal battery charge as the main reason for the lack of drone safety. The possibilities of the industry are immense, and currently the regulatory barrier (Pauner et al. 2015) seems to be the main impediment to the drone industry taking off definitively (Fig. 2) .
Regarding manufacturers, China's DJI followed by the French Parrot occupy the top positions, according to Droneii (2016a) , followed by Chinese and North American companies, as reflected in Fig. 3 . Hardy et al. (2017) Mapping malaria vector habitats Pulver et al. (2016) Transporting automated external defibrillators Chabot and Francis (2016) Bird detection Hodgson et al. (2017) Surveying marine fauna Sankey et al. (2017) Forest monitoring Casella et al. (2017) Mapping coral reefs Szantol et al. (2017) Mapping orangutan habitat Chowdhury et al. (2017) Disaster response and relief Restas (2015) Supporting disaster management (earthquakes, floods, fires) Source Own elaboration from different sources 
Market Segments
Segmentation is a market strategy focused on the consumer side, which allows a better fit between products and users' requirements (Smith 1956) . A firm that follows a market segmentation strategy is expected to increase its profitability (Wind 1978) , although an empirical study is needed. In this study the basic demographic data, such as customer characteristics, users' needs, final use, and so on, are necessary to determine the different existing segments. This goal of this study is to identify and classify the market segments or "sets of buyers" that indeed will be the industry's target groups and will define companies' marketing strategies (Venter et al. 2015) .
Markets for drones tend to be segmented in relation to their use, which also corresponds to price ranges. Generally, the sector is structured in three groups: military, commercial, and hobby. For our analysis, however, we have divided the market into five groups (Table 2 ), which we have defined after taking into consideration the theoretical market segmentation background.
Forecasting undertaken for the industry by the Teal Group (2013) and Tractica (2016 Tractica ( , 2017a , among others, predicts future growth for all the market segments. For example, concerning the hobby segment, Tractica (2016) indicates that the revenue worldwide amounted to US$1865.65 million in the year 2015. Moreover, it estimates that the revenue for this segment will be US$3528.73 million in 2018 and US$5031.36 million in 2022. In relation to the military segment, the Teal Group (2013) estimates that the production value worldwide will be US$2629.1 million in 2015, while it will be US$4075.4 million in 2018 and US$8076.4 million in 2022. Tractica (2016 Tractica ( , 2017a , and own elaboration through an analysis of the companies in the sector
The use of drones for commercial purposes in outdoor environments has increased in recent years, and this tendency will continue in the future. Their use for commercial purposes means their use in sectors such as infrastructure, transport, insurance, media and entertainment, telecommunications, agriculture, security, and mining (PwC 2016). Tractica (2017c) indicates that the worldwide revenue for commercial drones was US$452.43 million in the year 2015. It estimates that the revenue will be US$1110.59 million in 2018 and US$5334.68 million in 2022. Figure 4 shows that the highest estimated growth in the next years will occur in the commercial segment; that is, companies in other industries will demand more drones for monitoring activities, mapping, and surveying (Narkus-Kramer 2017). In the future more industries will probably find new applications for drones that the current technology does not allow; then drone manufacturers will offer these features in their products (Ott 2012) . Movement to the commercial segments can be detected nowadays in companies such as DJI, which has started to partner with other companies to offer drones with software specializing in agriculture, mining, and construction.
Focusing on the European market, Table 3 might explain why companies are interested in the drone industry and are developing specific software for drones. The turnover data show that the highest values are for energy, construction, agriculture, real estate, and transport. However, if we consider turnover by firm, interesting markets for drone manufacturers will be energy, water and waste, postal and courier activities, telecommunication, and mining. All these sectors are currently target markets for drone manufacturers. Group (2013) and Tractica (2016 Tractica ( , 2017c Competitors in the drone sector operate globally, and this environment increases the rivalry in the market. To obtain a list of competitors in the industry, we used different lists obtained from sources specialized in the field (PwC 2016; Droneii 2016a) and a statistical database (Statista) . Through the analysis of the information on the web pages of the companies in these lists, including the products offered by the companies and their prices, we have organized the competitors using the same groups of markets as defined in Sect. 2. Therefore, we have established five groups of competitors depending on the market segment in which they sell their products (Tables 4, 5, 6, 7, 8) :
-Group 1: manufacturers offering drones to consumer markets as toys, -Group 2: manufacturers offering drones to consumer markets as hobby products, -Group 3: manufacturers offering drones for professional purposes, -Group 4: manufacturers offering drones for specific industries, -Group 5: manufacturers offering military drones. Source manufacturers' web pages, Amazon, and searches through google.com Group 1 (Toys) includes manufacturers of drones of which the customer target is children, who will have their first experience of flying drones. Table 4 presents some examples of the companies included in this group, indicating that the prices are around €100 and that some models carry a camera while others do not. Companies use external selling channels, such as Amazon, to reach their customers. European manufacturers in this group have to compete with Chinese firms.
Group 2 (Hobby) involves manufacturers of products that are focused on different customers from Group 1, who want to film themselves and their relatives and/ or friends while participating in action sports or other activities. Taking into account the higher purchase capacity of customers in this group, drones will include more technical features than those in Group 1. These features might include a camera and storage function (e.g. Micro-SD card or similar). These recreational customers are also looking for customizable and programmable features, ease of use, durability, and flight time. They are willing to pay between €500 and €1500 for drones included in Group 2, and they buy them directly from the manufacturer's website, through Amazon, and through other dealers, such as www.aliexpress.com or www. tomtop.com (Table 5 ). This group seems to be more profitable considering the number of companies involved in it. However, companies have to compete with an important rival, the Chinese firm DJI.
Group 3 (Professional) includes manufacturers of drones for professional filming and photography. Drone operators whose main activity is aerial filming services use these types of products, which are sometimes high models of those shown in Group 2. The prices are below €10,000, and DJI is an important rival. This company is very active in partnering with other firms for both hardware and software. Nowadays, DJI competes with firms that offer drones with cameras (Inspire 2, Phantom 4 Pro) and with those that offer drone platforms to carry different cameras (Matrice 600 Pro, Spreading Wings S1000 +). It is difficult for smaller companies to offer both products, so they need to choose between them. Offering a platform without a camera would allow customers to fit the drone with professional cameras, such as RED and Alexa, with a higher final cost for the user. These cameras are heavy and need bigger drones with the capacity to fly with a heavy camera.
Group 4 (Commercial) involves manufacturers that develop solutions for specific industries. The value of the offering is based more on the software and applications than on the drone itself. Companies partner (Droneii 2016b ) with software firms (Airmap, Facebook), hardware firms (Intel, Leica Geosystems), and cameras makers (Sony) in an effort to increase the value associated with their products. As a result, the final price of the solution, which includes a drone, is higher. Moreover, some drone manufacturers offer the software with a yearly fee license (Kespry), following the rules from the software industry. Group 4 also includes companies that offer services through a drone instead of selling it. The company designs and assembles the drone, but its business model is built on offering services related to drones as its value proposition. Therefore, Group 4 includes companies offering only the product (drone and software), the product and services, and only services. Few companies in Group 4 sell through their own online shop. Table 7 indicates that these companies are the ones with lower prices. The rest of the firms tend to sell directly to customers or use specialized dealers.
Group 5 (Military) includes manufacturers focused on defence and military purposes. They sell to armies, governments, and defence organizations like NATO (North Atlantic Treaty Organization). Companies need to fulfil the requirements specified by each government in security assurance relations. Some companies have started to offer products to customers in Group 4, as some of their products can be used for surveillance and monitoring. This might indicate their interest in the increase in the commercial market and the capacity of some of these industries to assume higher costs in buying drones and the services associated with them. Military companies have skilled resources and technologies that can be used for different purposes.
The software incorporated into drones has been demonstrated to be an importance source of value creation. This has produced parallel growth in companies focused on software development. Among these companies are Airware (USA), Dedrone (Germany), DroneDeploy (USA), MapBox (USA), PIX4D (Switzerland), RedBird (France), SkyWards (USA), and Skyworks Aerial System (USA). Most companies are from the United States and others are from European countries, outlining the drone industry. Some solutions allow the processing and analysis of data from images captured through drones, adapting their solutions to different industries (mining, agriculture, surveying, construction, etc.). Other companies work as developers of drone detection (Dedrone), flying simulators (Redbird), and platforms that publish data obtained through other drone software (MapBox).
The main conclusions that we could obtain from the analysis of the competitors are the following:
(a) As shown by the number of companies that enter the drone market every year, there are no high barriers to entry. (b) Companies have started to extend their customer segments, especially the biggest companies in the sector. This can be observed in DJI, 3D Robotics, and Parrot, but also in some companies operating in both the commercial and the military segment. (c) Camera makers and software developers are strategic partners for drone companies. For example, big companies use cameras and software to offer products with a higher value and adapt them to each segment. The final cost of the solutions will increase with these additional features. Increasingly these customers pay for the software included as an annual fee. (d) New features spread rapidly through the industry (incremental innovations such as extended flight time, better cameras, less noise, auto charging batteries, etc.). (e) The high number of competitors in the market might explain why they offer more than one selling channel for their products, although this is less usual for higher-priced drones (the military segment and some commercial solutions).
(f) While companies are selling lower-priced drones online, higher-priced drones are usually sold directly after contact by email or through a worldwide distribution channel. (g) The main support is obtained by users through channels including phone, email, and web pages. (h) The price of military drones is not readily available and might depend strongly on the amount ordered, extra features, and the strategic point of view. Other important domains are energy (10,000 units), public safety and security (60,000), e-commerce and delivery (70,000), mobility and transport (1000), and others (media, mining and construction, insurance, real estate, telecommunication, and academic research) with 100,000 units in 2035. On the other hand, the main opportunities in the sector will be associated with service activities (related to software, data, and flying operations), which will absorb 80% of the total economic impact in 2035 (SESAR 2016). Table 9 shows the location of drone companies in Europe and indicates that the main countries are the United Kingdom, Italy, Germany, and France. The importance of these countries is also clear when data about international trade and the number of operators registered are exposed. International trade data indicate that the country that imports the most drones is the United Kingdom, followed by India, Italy, Azerbaijan, Germany, Turkey, France, Singapore, and Brazil (The Guardian 2015a). On the other hand, the main exporting countries of drones are Israel, the United States, Canada, Russia, France, Austria, Italy, Germany, and China (The Guardian 2015b). Other sources include Spain and Switzerland among the important countries in the European drone market (Wichmann 2017) . Tables 4, 5 , 6, 7, 8 present the European manufacturers in each of the five segments analysed, and they included some of these countries. The leading European (Government Office for Science 2017) RPAS manufacturers are Parrot (France), AirRobot (Germany), Ascending Technologies (Germany), MicroDrones (Germany), UAV Factory (Latvia), and Aerialtronics (Netherlands).
Main European Figures
Data about the number of drone operators certified are published by the aviation authorities of each country, although these data are not always available, because in some countries, such as Germany, there is no registration of drone operators. Table 10 presents the number of licensed operators for some countries. This number has increased in the last years and is continuing to grow, indicating the attraction to this market of new professionals and companies. The activities carried out by these professionals and companies differ by country. For example, in Spain (Todrone 2016 ) the main activities using drones undertaken by companies and RPAS operators are audiovisual/leisure (45.8%), infrastructure/mining (16.9%), and agriculture/environment (14.5%). In the United Kingdom (Government Office for Science 2017), however, the main activities are aerial photography/video, surveying/mapping, aerial cinematography, and industrial inspection. 
Conclusions
In this chapter the available information regarding the drone industry has been compiled and analysed. Despite the sector having both technological and economic importance, there are important barriers preventing its expansion. The biggest barrier to the industry's development is regulation, which limits the use of drones based mainly on two different reasons: safety and security/privacy. Europe has to resolve this issue as quickly as possible, before the other two big economic countries, the USA and China, achieve advances that are too great compared with those of European firms, leading to an increased gap in academic, technological, business, and social development areas. Although the first drones were produced in 1951 and the first document regarding unpiloted aircraft was patented in 1898, the main evolution of the drone industry has occurred in recent years, led mainly by military needs. Nowadays the most innovative drone uses can be associated with collaboration (health and drugs delivery, emergency surveillance, security, etc.) and commercial efficiency (agriculture, topography, etc.) .
It is important to distinguish among the different segments within the drone industry, since the needs and characteristics of different end users are distinct and therefore the strategic considerations should be addressed separately. In this chapter five different segments have been identified:
• Toys, for which the final customers are children or young people and the use is educational.
• Hobby/leisure, for which the final customers are young people and adults for recreational uses.
• Professional, for which the final customers are drone pilots and the uses are aerial filming and photography services.
• Commercial, for which the final customers are companies and the uses are agriculture, media, mining, energy, or construction activities.
• Military purposes (vigilance, combat, etc.) , for which governments are the end customers. These segments differ significantly. The price ranges vary widely as well as the basic drone characteristics, like drones with/without a camera, camera quality, flight stability requirements, flight time, data transmission, and so on, so the competitive analysis of the segments must be conducted separately.
Regarding the toy drone subsector, the price is the decisive feature, while quality and technology are not so important. In this segment European companies (mainly from France, UK and the Netherlands) coexist with Chinese ones, whereas North American ones are not represented. Chinese companies offer the cheapest drones (although the French company Parrot offers a minidrone for 30 euros) and have the widest distribution network (not only Amazon but also Aliexpress, which is the most recognized Chinese online seller). To sum up, the companies in this segment follow a cost-based strategy, and Chinese companies seem to have more options. Only by offering distinctive features (for example educational) or additional services (such as competitions for children and young people) can European companies play a role.
The second segment, which we called "hobby", seems to be more interesting for European companies, as quality, reliability, and technology play an important role in the final buying decision. The prices are higher (500-1000 euros); however, although they are important, the prices are not the primary aspect that final users consider when making their buying decision. Technology development (for example allowing the drone to follow you automatically when playing sport, associating with healthy applications, connecting to the usual devices, such as mobile phones or computers, to transfer data and images, and improving the safety measures) are the distinctive features that may define the best players in the near future. Chinese companies coexist with North American and European ones, with no clear leader. The distribution channels, technical support, and after-sales support are named as the key aspects, together with keeping in contact with the regulatory level to comply with safety regulations quickly and safely.
The "professional" segment is experiencing vibrant competition among the European, North American, and Chinese manufacturers. Although the market was led by European companies, the Chinese giant DJI is growing fast, along with other companies, such as Walkera, Zerotech, and Yuneec. The importance of pilot training courses, fair attendance, after-sales and technical support, and the software cost will define the subsector in the near future, together with filming/camera quality and ease of use. The regulations heavily constrain the final users, as they face the need for permits and licences and/or geographical restrictions in carrying out their work properly. The final price still differs by 30-40%, but, as the final characteristics are not especially different, this subsector will tend towards homogenization unless clear quality/technological/service characteristics appear.
The commercial segment has a bright future and is currently the most interesting segment in which to compete. The final prices of drones are high, and the regulations do not particularly affect the final uses, as the main activities are carried out in rural areas or in emergency situations. Most of these drones can be adapted to the final use and associated services, as software and support add value to the final product. European and North American companies are definitely the leaders in this group.
Information regarding the military segment, especially price and distinctive features, is not easy to find. No Chinese company is competing in this segment, and North American and European companies are mainly leading the segment development. The regulations do not affect the development of this segment as heavily, as the defence and civil fields differ in their limits and possibilities. These companies are often targeted directly by governments due to information restrictions, assuring, on one hand, the technological development and, on the other hand, strategic defence and information upgrades.
The easy of entry into the industry and the expansion of the biggest manufacturers, DJI especially, to other segments, is an important threat for companies operating in segments such as professional and commercial. Moreover, this big firm enters the segment with lower prices, forcing the existing companies to reduce their own prices. Companies are also responding to this threat with a value increase of their products, based on their associated software, which has been developed for specific industries (agriculture, mining, etc.). As a consequence, products have become solutions and cooperation between drone manufacturers and software firms has been the trend during the last years. Military companies have also been attracted to the commercial segment, taking advantage of its advanced technology, which can be used in industries other than defence. Despite positive forecasts for the commercial segment in the next two decades, an increase in rivalry might reduce the profitability in the medium term due to the life cycle of the technologies incorporated into the products. Companies will need to adapt their solutions constantly and take care of their customers by supporting them in purchasing, use, and maintenance.
The main difficulty that we faced during the elaboration of this chapter was the lack of statistics related to this sector. The registration of drone operators, including the drones to be operated, would increase the information available for companies, policy makers, and researchers.
